Introduction
Realistic determination of earthquake ground motion site amplification is an important aspect of seismic hazard analysis. The state of the practice is to characterize sites based on the average shear wave velocity of the top 30 meters of underlying materials ( 30 V ) and use empirical relationships developed by Borcherdt (1994) to quantify the site amplification. The choice of 30-meter depth comes from the fact that most engineering bore logs do not exceed this depth. Borcherdt (1992 Borcherdt ( , 1994 , Seed et al. (1992) , Dobry et al. (1992) , Martin and Dobry (1994) , Boore et al. (1997) have shown supportive evidence for the application of this empirical procedure for site amplification analysis.
The 1994 Northridge earthquake and its aftershocks, as well as other earthquakes in southern California, have provided seismologists with a large amount of data with which to study regional and local site amplification phenomena in the greater Los Angeles area (Hartzel et al., 1996 , Mermonte et al., 1996 , Bonilla et al., 1997 , Gao et al., 1996 , Field and Hough, 1997 , Harmsen 1997 . Using this information, Hartzel et al. (1998) published three site amplification maps for the Los Angeles region for the frequency bands of 1-3, 3-5, and 5-7 Hz. The maps clearly show areas of high amplification values within the Los Angeles and San Fernando basins.
There are similarities and differences between the site amplification values from these maps and those estimated based on NEHRP 30 V procedure. It is the objective of this study to investigate how these different estimates of the site amplification values affect the results of the probabilistic seismic hazard analysis (PSHA) in different areas of southern California. Considering that the seismic design criteria in the International Building Codes (IBC) is based on the NEHRP 30 V procedure, the results of this study can help evaluating if there is any need for modifying the IBC site amplification procedure for engineering design purposes in southern California.
Formulation of the Problem
For the purpose of seismic hazard analysis, NEHRP identifies five different site categories (Table 1) (Borcherdt, 1994) . (Wills et al, 2000) . The site amplification maps of Hartzel et al. (1998) (hereafter referred to as Hartzel) provide a different way of estimating site amplification values in the greater Los Angeles area. Because Hartzel's site amplification values are derived from regional earthquake ground motions, they reflect both regional ground motion complexities and local site responses. However, it is also recognized that these maps are constructed based on earthquake data from a limited number of sites and many thus contain large levels of uncertainty.
The objective of this study is to investigate how these different estimates of site amplification affect the results of PSHA at different sites. For this purpose, I select three hundred sixteen sites over eight cross-sections (Figure 1 ). The cross sections cover both the San Fernando and Los Angeles basins. Probabilistic spectral acceleration values at these sites are estimated using NEHRP's amplification procedure based on the CDMG site categories and Hartzel's site amplification values. The modified values for a F and v F , as is reported by Joyner and Boore (2000) , is used for NEHRP-based analysis. The source model for all PSHA is based on the USGS/CDMG regional seismicity model, USGS Open-File report 96-706. 
Determination of the Response Spectra Amplification Factors
Hartzel's amplification values are derived by integrating the results of Hartzel et al. (1996) (the Northridge 1994 earthquake weak motion aftershocks) and Harmsen (1997) (the four main shock data of the 1971 San Fernando, 1987 Whittier Narrow, the 1991 Sierra Madre, and Northridge 1994 earthquakes). Hartzel et al. (1998) developed Fourier spectral amplification maps for three frequency bands (1 -3 Hz, 3 -5 Hz, and 5 -7 Hz) based on the Fourier spectral amplitude ratios of the recording sites with respect to a Tertiary rock reference site at Encino Reservoir. In developing these maps, Hartzel et al. (1998) screened the data in order to reduce the effect of nonlinearity and topography. However, since Hartzel's amplification maps are based on both weak and strong motion data, it is difficult to objectively determine the corresponding levels of ground motions they represent. For this study, it is assumed that the maps represent regional weak motion amplifications. Boore (1983) and Boore and Atkinson (1987) , is used for this purpose. RVT provides a direct way of incorporating Hartzel's Fourier amplification into the ground motion modeling to estimate the expected response spectral values for each case.
To obtain Hartzel's SA amplification values, scenarios for earthquakes weak ground motions for different magnitude-distance combinations are simulated using an omega-squared ( 2 ω ) earthquake source model. For site-specific analysis, the simulated Fourier amplitudes at each site are adjusted for Hartzel's amplification values for the site. Using RVT, rock and sitespecific spectral accelerations for 5% damping are calculated. The SA amplification factors are obtained from the ratios between the site-specific and base-rock SA values.
Determination of the Strong Motion Amplification Factors
In this study, Hartzel's amplification maps are assumed to represent weak ground motions scenarios. For PSHA, we need both weak and strong motion amplifications. Hartzel's weak motion amplifications are extrapolated to strong motion levels by assuming that sites' amplifications asymptotically approach NEHRP's strong motion values for the corresponding CDMG site categories. The weak to strong motion asymptotic transition is formulated as: 
Formulation of the PSHA
The USGS/CDMG regional seismicity model, USGS Open-File report 96-706, is used for all PSHA. The PSHA is based on Cornell's (1968) probabilistic seismic hazard formulation. Only one attenuation relationship, Abrahamson and Silva (1997) , is used for the analysis. Using only one attenuation relationship for this analysis is justified because the objective of this study is to make a comparison between the results of the PSHA based on two different estimates of site amplifications.
The rock site condition in Abrahamson and Silva (1997) represents a reference site with 620 m/s of average shear wave velocity, (Abrahamson and Shedlock, 1997) . The reference site in Hartzel's study, the Encino Reservoir, has a shear wave velocity of 906 m/s (Hartzel, personal communication) . For all PSHA, the site-specific response spectral values are calculated in two steps. First, for each site, rock-site spectral accelerations are calculated using Abrahamson and Silva's (1997) 
Results and Discussion
I calculate PSHA for 0.3 s and 1.0 s spectral accelerations. These periods are selected because they are used in IBC design seismic guidelines. Figures 2a and 2b show 0.3 spectral accelerations with 10% probability of exceedance based on NEHRP and Hartzel site amplification values for C and D cross sections, respectively, shown in Figure 1 . All sites in this study, except a few on the southern and northern ends of G cross section, fall in CDMG site category D and CD ( Figure 1 and Table 2 ). The results of 0.3 s SA clearly indicate that the NEHRP amplifications for these site categories do not reflect any basin effects which clearly are observed in the San Fernando and Los Angeles basins (Figure 4) . The results presented here support Wald and Mori's (2000) conclusion that the discrepancies between NEHRP and earthquake related site amplification maps (i.e. Hartzel's maps) are due to the oversimplification inherent in NEHRP site amplification procedure. However, it should be recognized that Hartzel's site amplification maps are constructed based on interpolation and extrapolation of earthquake data at a limited number of sites and that the amplification values include large uncertainties, though these are not reported in Hartzel et al. (1998) . There are also large uncertainties in NEHRP amplification values. Certainly, incorporating amplification uncertainties in the PSHA will reduce discrepancies presented here. However, considering that most routine site-specific PSHA use mean values of site amplifications, the results presented here are a valid evaluation of the state of the practice. Hartzel's maps show well-developed large areas of high amplification, those with amplification values of 3 -4. This study shows high discrepancies between the results of the PSHA in these areas, especially for 0.3 s SA. Earthquake-based site amplification maps, such as Hartzel's maps, capture the complex interaction between the earthquake ground motions and sites' regional and local environment. In effect, the site response to earthquake ground motions in such maps is not an independent phenomena. This is in contrast to NEHRP simplified procedure where the sites average shear wave controls the site's ground motion amplification. However, in NEHRP and other similar procedures the assumption is that the empirical amplification factors are region-specific and capture most regional amplification complexities. This assumption is partially supported by the results of this study for 1.0 s SA, where the estimated SA values based on NEHRP procedure qualitatively represent the overall average of SA values based on Hartzel's amplifications. This, however, is not the case for 0.3 s SA.
The state of the practice for most typical site-specific seismic engineering analysis is to classify sites based on their shallow, mostly 30 m, geophysical and/or geotechnical information. This information is used directly or indirectly to construct site-specific design response spectra based on either NEHRP amplification procedures or 1D wave propagation through the site. The results of this study clearly indicate that for many areas in the Los Angeles and San Fernando basins this is not an adequate procedure for site-specific analysis. However, the results also show that at sites that are not strongly influenced by various basin related phenomena the NEHRP site amplification values are in fairly good agreement with those based on earthquake data analysis.
The results presented here suggest that there is a need for reevaluating the NEHRP V30 site amplification procedure for engineering design purposes in southern California. However, it is also recognized that more investigation is in order to address various aspects of the nonlinear site response of sites within the complex basin structures of southern California.
